In this paper, the pooled NO 2 association with nonaccidental mortality is examined across 10 cities in Canada in single-and two-pollutant time-series models. The results reaffirm that NO 2 has the strongest association with mortality, particularly in the warm season. Although attributing such effects to NO 2 cannot be ruled out, it is plausible that NO 2 is acting as an indicator for some other exposure affecting the population. This could include PM 2.5 , as has been suggested from some personal exposure data, but it could also be indicating a more specific type of PM 2.5 , such as traffic-related particles, given that in cities the main source of NO 2 is motor vehicle exhaust. NO 2 could also be acting as a surrogate for other pollutant(s) originating from motor vehicles or high-temperature combustion, such as volatile organic compounds (VOCs) or polycyclic aromatic hydrocarbons. Another possibility is other oxidized nitrogen species (''NO z '') or photochemically produced pollutants that can co-vary with NO 2 , especially during urban stagnation events. Data to test these different possibilities across several Canadian cities are examined. The focus is on correlations in time or space between NO 2 and other pollutants that are more strongly linked to vehicle emissions. The results support the hypothesis that NO 2 is a better indicator than PM 2.5 of a range of other toxic pollutants. This includes VOCs, aldehydes, NO z and particle-bound organics in motor vehicle exhaust. Thus, overall, the strong effect of NO 2 in Canadian cities could be a result of it being the best indicator, among the pollutants monitored, of fresh combustion (likely motor vehicles) as well as photochemically processed urban air.
Introduction
In Canadian cities, multi-and single-pollutant time-series studies have found associations between NO 2 and nonaccidental mortality (Burnett et al., 2004) . This positive and statistically significant association was independent of fine particulate mass (PM 2.5 ). However, PM 2.5 may not fully represent the toxicity of particulate-phase pollution in the urban atmosphere as was suggested in an earlier analysis of the Canadian data (Burnett et al., 2000) . Significant NO 2 associations have also been uncovered in other cities (Stieb et al., 2003; Samoli et al., 2006) . Although attributing such effects to NO 2 cannot be ruled out (Burnett et al., 2004) , it is plausible that monitoring site NO 2 is acting as an indicator for some other exposure affecting the population. This could include fine particles (PM 2.5 ), as has been suggested based upon some personal exposure data (Sarnat et al., 2001) . It could also be indicating a more-specific type of PM 2.5 such as traffic-related particles or combustion particles, in general.
In cities, the main source of NO x (NO þ NO 2 ) is motor vehicle exhaust and NO 2 is a widely used proxy for chronic exposure to traffic-related air pollution. In Canada, 27% of the NO x emissions are associated with on-road transportation sources (Government of Canada, 2007) . If upstream oil and gas and off-road sources are excluded, this percentage rises to 50% and, if the area is restricted to urban areas, this percentage increases further. Thus, it is plausible to hypothesize that NO 2 -mortality associations indicate an association with some aspect of vehicle-related air pollution and not just the particulate component. Traffic-related pollutants have been shown to have an adverse effect on human health, including acute and chronic cardiovascular and respiratory outcomes (Brunekreef et al., 1997; Hoek et al., 2002; Garshick et al., 2003; Mills et al., 2005; Tonne et al., 2006) . Although the most harmful components of this pollutant mix have not been determined, NO 2 remains an important consideration in air pollution studies due to the health effects related to short-and long-term exposures (Chauhan et al., 2003; Kraft et al., 2005; Han and Naeher, 2006; Ayyagari et al., 2007) .
If the effects attributed to NO 2 are a result of its acting as a surrogate for other pollutants originating from motor vehicles, then the question is: can the specific pollutant(s) be determined and possibly controlled? In addition to specific types of particles, including ultrafines, some organic and trace metal compounds and volatile organic compounds (VOCs) are a possibility. They are commonly emitted from vehicles and in much larger quantities than particle-phase organics. Carbon monoxide and nitric oxide (NO) are also emitted in large quantities, and indeed the number of gaseous and particulate species found in exhaust is tremendous (in thousands). Many have not specifically been identified or quantified, especially as it pertains to organic species on particles. For example, scans in our laboratory of a few different diesel particulate samples extracted in dichloromethane and acetone (''aromatic fraction'') using twodimensional gas chromatography time of flight mass spectrometry revealed that there are over 5000 identifiable compounds. This includes nitro-aromatics, acids, esters and standard polycyclic aromatic hydrocarbons (PAHs). Clearly, the existence of so many compounds complicates the problem of identifying which specific pollutant(s) associated with vehicles and/or NO 2 concentration variations are most responsible for the observed associations.
In terms of atmospheric NO 2 , chemical transformations lead to other oxidized nitrogen species (''NO z ''), which may also co-vary with NO 2 , especially during urban stagnation events. This includes HNO 3 , peroxyacetyl nitrate, N 2 O 5 , particle nitrate and organic nitrates (gas or particle phase). Thus, NO z species could also be contributing to the associations found in the time-series analysis with NO 2 . Additionally, NO z can interfere with NO 2 measurements in the standard instruments used in most networks, leading to some co-variation in the resulting data. However, in cities, the size of this interference is probably in the range of 5-20% depending upon season (photochemical conditions).
Data to test the above possibilities across a variety of urban environments are limited. Proper measurements of NO z and/or NO 2 free of interference are very infrequent. Directly measuring only traffic-related particles or trafficrelated VOCs is not possible. However, some unique measurement data from Canada are available and may provide some insight into what NO 2 could represent. With respect to traffic-related particles, these include a class of organic species known as hopanes and steranes, which are largely from motor vehicle exhaust and are related to burning of lubricating oil within internal combustion engines (Brook et al., 2007) . There is also a significant amount of urban VOC measurements, often collocated with NO 2 and NO and PM 2.5 , as well as 24-h trace metal concentrations. In some of the large cities, there are multiple sites measuring NO 2 and other pollutants. These data can be used to look more closely at the issue of spatial representativeness for NO 2 compared to other pollutants.
The purpose of this paper is two-fold. First, the past Canadian multi-city time-series analysis that included some particulate chemical compounds (i.e., Burnett et al., 2000) will be updated. This includes newer methods and some additional focus on NO 2 and related pollutants (e.g., NO). Second, some of the available Canadian measurement data that may provide insights into what NO 2 might actually represent will be examined. Here the focus will be on correlations in time or space between NO 2 and other pollutants that are more strongly linked to vehicle emissions. These results are compared to similar correlations determined for PM 2.5 , in order to gain more insight into why the Canadian time-series analyses consistently find that NO 2 associations with mortality appear to be more significant and the effect size greater than PM 2.5 .
Methods
For the time-series analysis, two data sets were constructed. Information on the concentrations of selected elements analyzed on fine mass filters (Brook et al., 1997) was obtained for 10 Canadian cities. These measurements correspond to a one-in-six day sampling schedule. The starting day and year for sampling were different for each of the 10 cities, with the first year of sampling occurring in 1984 and ending in 2000. Additionally, hourly gaseous pollutant measurements (NO 2 , NO, O 3 ) were obtained for the 10 cities and averaged into 24 h values to construct a daily time series from 1980 to 2000 (daily data set). We then constructed a restricted data set that contained only days for which information was available on NO 2 (daily average (p.p.b.)), NO (daily average (p.p.b.) ) and 24 h daily average concentrations of fine particulate mass (PM 2.5 (mg/m 3 )), coarse particulate mass (PM 10À2.5 (mg/m 3 )), the sum of these two variables (PM 10 ), sulfate (mg/m 3 ) and several elements that have been linked to specific pollution sources (Fe, Zn, Ni, Mn, As, Al, Cu, Pb, Si, Se). The number of days of data thus varied by city: Vancouver (711 days), Calgary (693 days), Edmonton (670 days), Winnipeg (418 days), Windsor (587 days), Toronto (596 days), Ottawa (588 days), Montreal (675 days), Quebec City (351) and Saint John (285 days).
The associations between a given single-pollutant and nonaccidental mortality (ICD code o800) was estimated using a generalized additive model that included a natural spline for day of study with 6 degrees of freedom per year, day of the week indicator variables and a natural spline for daily average temperature with 3 degrees of freedom. The error structure assumes an over(under)dispersed Poisson process. Summary estimates of association were obtained by a two-stage process in which city-specific estimates were first determined in stage 1 and these estimates were then combined or pooled among cities using a random effects model in stage 2 that assumed that the variance of the city-specific estimate is characterized by the sum of the true variation in risk among cities and the sampling error (Burnett et al., 1995) .
Gas-Phase Tracers of Motor Vehicle Exhaust
The majority of emissions, by mass, from the hightemperature combustion in motor vehicles are gaseous, as opposed to particulate pollutants. Among the gases, CO 2 , H 2 O, CO, NO, NO 2 , VOCs, SO 2 and NH 3 are the most prevalent. The combustion process is responsible for the largest amount of these gases, whereas inefficiency leads to other by-products with a key component being VOCs associated with unburnt fuel. NO is one of the pollutants most strongly linked to direct vehicle exhaust and for which there is a large amount of reliable data. Furthermore, it has not been considered in any of the past time-series studies because its concentrations have generally been thought to be highly variable across space and time. Consequently, the representativeness of the monitoring site concentrations to the general population's exposure is more uncertain as compared to NO 2 , which is more long-lived in the urban atmosphere. CO is also important, but the measurements collected in most monitoring networks are less reliable (U.S. EPA, 2005) and it has been examined in previous Canadian time-series studies (e.g., Burnett et al., 2004) . Thus, in terms of other gaseous pollutants that NO 2 might be indicative of or that might act as a stronger tracer of vehicle exhaust, compared to NO 2 , the focus in this paper is on NO and VOCs.
NO has generally been reported along with NO 2 across all the Canadian monitoring sites. It is measured hourly at the same time as NO 2 using the same continuous chemiluminescent analyzer. Daily, 24 h integrated VOC concentrations for a large number of compounds were measured every sixth day at over 40 urban and rural stations across Canada (Curren et al., 2006) . Canister samples were collected at these locations and then shipped back to a central laboratory for gas chromatography-mass spectrometry (GC/MS) analysis (generally following EPA Method TO-15). At a subset of these sites, concurrent carbonyl or aldehyde samples were obtained using dinitrophenylhydrazine-coated silica gel cartridges. These have also been analyzed at the central lab using high-performance liquid chromatography following the procedures outlined in U.S. EPA Method TO-11a. The methods for sampling and analysis of VOCs have been described in detail, along with the list of compounds measured, in Wang and Austin (2006a, b) .
Fine Particle Tracers of Motor Vehicle Exhaust
Hopanes and steranes (''hopane'') are commonly used organic molecular markers known to be associated with motor vehicle exhaust (Schauer et al., 1996; Fraser et al., 2002) . Their origin is the engine lubricating oil (Fraser et al., 1998) and trace amounts are released during combustion. Over urban areas, other sources are of much less importance (Rogge et al., 1997) . Collocated hopane, NO 2 and PM 2.5 measurements are available from two separate studies in Canada. These are a 2-week time series of two per day samples collected in Toronto (Brook et al., 2007) in March 2000 and an B25-site spatial sampling network of concurrent 2-week integrated samples obtained during different seasons in Windsor, Ontario, in 2005 (Wheeler et al., 2006) . Analytical methods for hopane determination are described in Brook et al. (2007) for the Toronto measurements and the method of thermal desorption coupled with gas chromatography-mass spectrometry (Hays et al., 2003) was used for Windsor samples. At the Toronto site, NO 2 was measured continuously using a chemiluminescence analyzer and in Windsor it was determined using passive samplers (Ogawa & Co., USA). PM 2.5 in Toronto and Windsor was determined from gravimetric analysis of integrated filter samples.
PAHs are formed during fossil fuel combustion associated with motor vehicles (along with numerous other combustion sources). These compounds are known to be carcinogenic and mutagenic, but their acute toxicity, as it pertains to human mortality in time-series studies, has not been demonstrated. Every sixth-or twelfth-day hi-volume PAH measurements are available for several Canadian cities. However, these samplers are only collocated with NO 2 , NO and PM 2.5 measurements at five sites. A long list of PAH species, which includes the standard suite recommended by the U.S. EPA, is determined from the filter and the backup PUF at a central laboratory employing standard solvent extraction, sample clean-up and GC/MS methods.
Results
The relative risks (RR) associated with nonaccidental mortality for the pollution recorded the day prior to death are presented in Table 1 . The largest RR, evaluated at its corresponding interquartile range, was for NO 2 (RR ¼ 1.018), with the next largest risks being observed for the particulate mass variables (PM 10 : RR¼ 1.011; PM 2.5 : RR ¼ 1.009; and PM 10À2.5 : RR ¼ 1.007). Sulfate, a major component by weight of PM 2.5 , displayed a positive and statistically significant association with mortality (RR ¼ 1.008). Among the trace metals, only Zn (RR ¼ 1.006) and Pb (RR ¼ 1.005) reached formal statistical significance at the 5% level. None of the pollutants achieved statistical significance after adjustment for NO 2 (Table 1) , while the NO 2 -mortality association appeared reasonably robust to adjustment for any of the other single pollutants, with RR ranging from 1.022 (with NO) to 1.014 (with Zn).
The mean correlation among cities between NO 2 and the other pollutants is presented in Table 1 , in addition to the minimum and maximum correlations. Nitrogen dioxide is most strongly correlated (r) with NO, PM 2.5 , PM 10 , Mn and Fe (r40.4). Nitrogen dioxide is less correlated with sulfate, Zn and Pb (0.25oro0.4) and weakly correlated with Ni, As, Al, Cu, Si and Se (ro0.25).
NO was not as strongly related to mortality as NO 2 even though their correlation is relatively high (r ¼ 0.67) and both link back to the same source (i.e., high-temperature combustion). Furthermore, no association was observed between NO and mortality after adjusting for NO 2 . To examine this issue further, we focused on daily values of NO 2 and NO in the 10 Canadian cities from 1981 to 2000 (i.e., a much larger sample size than was possible for the analysis presented in Table 1 ). The independent associations between mortality and NO 2 or NO are presented in Table 2 by period of the year (all year, April-September and October-March) and by time lag between exposure and death (0, 1 or 2 days). The largest effects were observed for exposure recorded a day prior to death (lag 1) and during the warmer months of April-September. We note that the NO 2 effect based on the restricted data set containing particulate components (Table 1) was larger (RR ¼ 1.018) than that based on all available daily data (RR ¼ 1.013).
Using the larger daily data set, a two-pollutant model examining the joint effects of NO 2 and NO yielded similar results as the analysis using the more restricted data set. That is, after NO 2 adjustment, no evidence of a NO-mortality association was observed in any of the time periods examined: all year: NO 2 RR ¼ 1.011 (1.005, 1.018) and NO RR ¼ 0.999 (0.996, 1.002); April-September: NO 2 
Discussion
This analysis reaffirms that NO 2 has the strongest association with nonaccidental mortality across Canadian cities. This is not sensitive to adjustment for a wide range of other pollutants, including specific inorganic fine particle constituents. Of the other pollutants included, PM 10 and sulfate had the greatest influence on the NO 2 association, but only marginally, and they did not remain significant after adjusting for NO 2 . Sulfate is likely indicating the influence of regional air masses containing more aged secondary particles and which exhibit a different temporal variability than the more locally influenced NO 2 . These regional air masses are also usually high in O 3 concentrations, and a previous analysis across the Canadian cities (Burnett et al., 2004) demonstrated that, among all the other pollutants studied, only O 3 remained significant after adjustment for NO 2 . Thus, in this more recent analysis, sulfate is likely carrying some of the signals of O 3 , which was not included in order to focus this paper on NO 2 and particulate species. Alternatively, both sulfate and O 3 could be acting as indictors of other oxidants or photochemically aged air pollutants. Thus, it could be a different pollutant in these air masses or collectively the whole mixture that has a greater influence on premature mortality. NO was tested in this study because it has not been considered in previous time-series studies conducted in Canada. Furthermore, it is hypothesized to be more directly linked to fresh combustion emissions compared to NO 2 and, thus, may be a better indicator of such exposures (i.e., as opposed to being a harmful pollutant in its own right). While NO and NO 2 are emitted from motor vehicles, for example, the majority of the NO x from the tailpipe is NO, which then reacts with O 3 and a range of peroxy radicals that are generated by VOCs to form NO 2 . Some portion of this NO 2 is photolyzed to produce NO (and O 3 ), leading to a balance in NO and NO 2 . During this photochemical processing, the NO z compounds mentioned above are also formed.
Not surprisingly, since its day-to-day variation is correlated with daily average NO 2 , the daily average NO effects (lag 1) were significant in the single-pollutant models. For both pollutants, the risks were considerably reduced in the cold season, which is attributed, at least partially, to the general population spending more time indoors with closed windows. Another possible reason is that there is less photochemistry in the cold season, resulting in smaller concentrations of NO z , relative to NO and NO 2 . Other unmeasured photochemically generated pollutants would also be higher in the warm season; however, for them to explain the NO 2 association, they would also need to be correlated with NO 2 . This will be examined further below.
When daily average NO and NO 2 (lag 1) were included together in a two-pollutant model, only NO 2 remained significant. This suggests that the NO 2 associations are not due to it only being an indicator of fresh combustion emissions since, in that case, NO should have been more important in the two-pollutant model. Thus, the question is: what is different about NO 2 ? Interestingly, daily averages of the monitoring data for NO and NO 2 appear to be equally as representative of the day-to-day changes experienced by the population. This was assessed in the Toronto, Montreal and Vancouver areas because of the existence of multiple monitoring sites. In each area, a central site from the network was selected and the correlations between the time series at this site and those at all the surrounding sites were computed. This was done separately and then averaged for the warm and cold seasons to reduce the correlation arising from common seasonality. The average correlation between the central and outlying sites within the greater Toronto area was 0.82 and 0.78 for NO 2 and NO, respectively. These values dropped to 0.71 and 0.61 when the central site was compared to locations farther away in the surrounding suburbs (approximately 40 km separation distance). For Vancouver, the correlations were 0.75 and 0.72 for NO 2 and NO for the central site to the more proximate outlying sites and 0.68 and 0.70 for those that are farther away. For the island of Montreal, the average correlation was about 0.80 for both NO 2 and NO. The mortality study considered the population within the city-proper (i.e., the smaller areas) and, given the available multi-site data, NO and NO 2 temporal correlations across space are comparable even though spatial patterns in NO tend to be more heterogeneous than those for NO 2 (Henderson et al., 2007) . However, the strength of the NO and NO 2 spatial correlations is, even within the smaller areas, significantly weaker than what is observed for daily average PM 2.5 . In Toronto and Montreal, the average site-to-site PM 2.5 correlation was greater than 0.9, and this was the case among several of the more central Vancouver sites. However, for some of the Vancouver sites in more complex settings (e.g., closer to the coast), the correlations ranged from 0.7 to 0.9.
Although the daily average NO 2 and NO concentration variations appear to be comparably well characterized across the population, there are differences in their diurnal patterns. On average, both pollutants exhibit a sharp morning increase in concentration associated with rush hour, followed by a mid-morning decrease due to less traffic and a higher mixing height. However, NO 2 tends to remain higher during the day and to start increasing in concentration during late afternoon, while NO does not rise until later in the evening. This afternoon difference, which may be occurring when people are more likely outdoors, is due to increased NO x emissions (i.e., PM rush hour) interacting with O 3 so that the NO is quickly converted to NO 2 . During summer afternoons, there is also a greater likelihood that this NO 2 is accompanied by NO z and other photochemically generated pollutants, especially in periods of urban stagnation, which are often accompanied by more sunshine.
Returning to the question of what other pollutants are related to NO 2 that could be causing its strong association with mortality, correlations between selected VOCs and carbonyls and NO 2 are presented in Table 3 . For comparison, these correlations were also determined for NO and PM 2.5 . The primary VOCs (benzene, tolulene, ethylbenzene and xylenes, referred to as BTEX, and acetylene and 1,3-butadiene) are most correlated with NO, consistent with their link to combustion sources. Isoprene is poorly correlated with NO, which is not surprising given its biogenic origin. The correlations are somewhat weaker, but still highly significant, for NO 2 and they are considerably weaker for PM 2.5 . For example, the average correlation with 1,3-butadiene, which has been shown to be strongly linked to vehicle emissions (Curren et al., 2006) , is 0.62, 0.81 and 0.34 for NO, NO 2 and PM 2.5 , respectively. This pattern is not seen for the ''secondary VOCs'' although there are data only from three of the sites. For acetaldehyde, which is potentially the most secondary of the species shown, the average correlation is the strongest with PM 2.5 , followed by NO 2 .
Since the NO 2 RR was considerably larger in the warm season, the correlations were examined separately for that period. For the primary VOCs, the correlations with NO 2 and NO were closer in magnitude compared to the all year results. PM 2.5 and these VOCs remained poorly correlated. Figure 1 summarizes the results for the BTEX compounds and acetaldehyde at the three sites with carbonyl measurements. During the warm season, differences in the correlation among NO, NO 2 and PM 2.5 were smaller for these secondary compounds. Thus, based on the available data, 24 h average NO 2 and NO in the Canadian cities studied appear to be better overall indicators of day-to-day changes in VOCs and carbonyls, compared to PM 2.5 . Furthermore, NO 2 tends to be more correlated with these toxic organic gases than it is with the various measures of particle mass, sulfate or trace metals on fine particles given in Table 1 .
A large fraction of the PM 2.5 in cities is organic carbon (OC; Brook et al., 2007) , and some of these organics are known toxics (e.g., PAHs). Controlled human exposure studies in Toronto have shown that cardiovascular responses link most strongly to total OC (Urch et al., 2004 (Urch et al., , 2005 , and motor vehicles are hypothesized to have been a significant contributor given that the exposures took place in the morning and that the particles were drawn from the side of a downtown road. Thus, given these results and the relatively strong link between NO 2 , NO and VOCs, NO 2 could be acting as an indicator of the population's acute exposure to particle-bound organic species related to motor vehicle emissions. To test this hypothesis, 24 h average NO 2 , NO, 1,3-butadiene and PM 2.5 concentrations were compared to the available PAH measurements. The correlations summarized in Table 4 show that the day-to-day changes in NO 2 and PAH are significantly related. Overall, NO 2 is as good an indicator, if not a better indicator, of PAH as the more direct motor vehicle exhaust indicators (i.e., NO and 1,3-butadiene). As expected, the correlations with retene, a PAH common in wood smoke, were weaker and the difference in correlation between NO x and PM 2.5 was minimal. Similarly, for total PAH, which is made up of 31 different compounds, including those from a variety of sources and some more volatile species, the differences in correlation between NO x and PM 2.5 were smaller. Benzo(e)-pyrene is one of the more stable PAHs known to be emitted from vehicles, and its correlation with NO 2 is compared to the other species in Figure 2 . NO 2 is clearly a better indicator of Figure 2 . Comparison of the correlation of NO 2 , NO, 1,3-butadiene and PM 2.5 with benzo(e)pyrene.
benzo(e)pyrene than PM 2.5 . The exception is the Montreal site, which is an outlier in the VOC correlations, as well. While PAHs are toxic and are formed during combustion, they are not entirely unique to vehicle emissions. In comparison, hopanes are much more likely to be indicative of vehicle exhaust or, at the very least, internal combustion engines using gasoline or diesel fuel. Two small Canadian data sets with collocated NO 2 and PM 2.5 are available to examine more closely if NO 2 is a better indicator of fine particles from vehicles than PM 2.5 . Figure 3a and b shows the relationships between hopanes and NO 2 or PM 2.5 . These plots demonstrate that, both temporally and spatially, the variation in NO 2 is a better indicator of particles emitted from vehicles than PM 2.5 . Figure 3a compares 2-week integrated point measurements obtained at several locations in Windsor, Ontario, in 2005. These locations range from being close to busy roadways to residential areas (Wheeler et al., 2006) . Conversely, Figure 3b demonstrates that, over a 2-week period of separate day and night measurements near a busy highway (Brook et al., 2007) , NO 2 variations were considerably better correlated with OC from motor vehicle exhaust (i.e., hopanes) than with PM 2.5 . Overall, there are many other sources, both local and regional, that contribute to total PM 2.5 (e.g., Lee et al., 2003) and to total OC (e.g., Brook et al., 2007) in Canadian cities. The stronger association between mortality and NO 2 compared to PM 2.5 suggests that the additional PM 2.5 mass contributed from these sources alters the day-to-day variability in PM 2.5 enough to weaken the association and that at least some of the mass is less toxic than the mass from vehicular emissions.
Among several common gaseous and particulate air pollutants, the relationship between day-to-day variation in nonaccidental mortality and the previous day's NO 2 is the strongest in several cities across Canada. The goal of this paper was to provide more insight regarding the meaning of this observed association. Although the data in this paper do not discount the possibility that exposure to NO 2 itself is causal, especially among the most susceptible portion of the population, they do support the hypothesis that NO 2 is a better indicator than PM 2.5 of a range of other toxic pollutants. This includes VOCs, aldehydes and particlebound organics in motor vehicle exhaust. Furthermore, the fact that the mortality associations are largely driven by a warm season effect, and that NO 2 tends to remain elevated throughout the afternoon and evening, may explain why NO 2 has a stronger effect than NO. Nitrogen dioxide's diurnal behavior increases the potential for people to be exposed, and during warm season afternoons the potential for secondary pollutants, such as NO z , secondary VOCs and secondary PAHs, to co-vary with NO 2 is also expected to be greater. Thus, overall, the strong NO 2 effect in Canadian cities could be a result of it being the best indicator, among the pollutants monitored, of fresh combustion (likely motor vehicles) as well as photochemically processed urban air. However, the urban mix of air pollutants is complex, as are the biological mechanisms leading to serious outcomes such as mortality. More careful study is still needed to learn about what aspects of this mix are most harmful to human health. 
